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@ Muttiplexed interrupt/dma request arbitration apparatus and method.

@ An arbitration apparatus and technique are disclosed in -
which the request lines from a plurality of potential reques-
tors serve both as interrupt and DMA bus request signal lines
to an arbitration device. The arbitration device selects among
contending requestors on a priority basis and generates a
grant signal interpreted by the requesting devices either as
an interrupt grant or a bus grant depending upon whether or
not an interrupt acknowledge signal is received. This effec-
tively multiplexes the grant request lines from a plurality of
requestors to greatly reduce interconnection complexity and
cost. A single interrupt grantbus grant multi-wire signal
cable connects from the arbitration device to the individual
requestors. A grant will appear on a single line thereof
connected to an individual requestor that has been granted
either an interrupt or access to the bus. Interrupt requests
from the requestors are ORed together and simultaneously
presented to a central controlling microprocessor. The
arbitration device determines which requestor will be
granted access and, under control of the central control
microprocessor, the arbitrator gates an interrupt grant or a
DMA grant signal to the device selected by the arbitration
mechanism. The dual usage of the grant and request lines by
the arbitration device represents a multiplexing feature to
further reduce interconnections.
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MULTIPLEXED INTERRUPT/DMA REQUEST ARBITRATION
APPARATUS AND METHOD

Technical Field

This invention relates to data communications processors and
to multiprocessor architectures in general and specifically

to interrupt and DMA bus request control architecture and
methods.

Background Art

Arbitration circuits for arbitrating simultaneously
presented contending requests for DMA bus access or
processor interrupts have been known previously. An example
is the Model 8289 bus arbitor sold by the Intel Company for
providing multi-master system bus protocol and
synchronization to one of several different kinds of
microprocessors. This device is effective in greatly
relieving the workload on the processor involved with
arbitrating among competing requests at its interface but
does little to relieve the overall wiring complexity and
cost since an additional expensive element, the arbitor
itself, must be added and a plurality of connecting lines
must also be utilized between the requesting devices and the
arbitor as they were used between the requesting devices and
the processor itself. It does not address the problem of

arbitrating among competing interrupt requests at the
processor.

Similarly, prior art processors have arbitrated requests for
bus access or for interrupt service by contending requestors
either by periodically polling the requestors in a priority
assigning manner or by internally arbitrating competing
requests. Either of these approaches requires a significant
involvement on the part of the controlling microprocessor

which detracts from its capability of processing other tasks
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2 0173809

and does nothing to alleviate the overall wiring complexity

and cost involved in signalling the many competing requests
and grants.

Summary of the Invention

In view of the foregoing shortcomings with the known prior
art, it is an object of this invention to provide an

improved dual purpose interrupt and bus request arbitration
apparatus and method in which a common set of bus grant or
interrupt grant lines may be used in a multiplexed fashion

by an arbitration device to signal the grant to a successful
requestor.

Yet a further object of this invention is to provide an
improved arbitration apparatus and method which greatly
reduces the interconnecting wiring and signal lines by
multiplexing the signal grants onto a common set of control
lines interfaced to the requestors.

The foregoing and still other objects not specifically
enumerated are met in the preferred embodiment by providing
a combined interrupt and bus access request arbitration
apparatus characterized in that it comprises :
a plurality of combined interrupt and bus access grant lines
connected to a like plurality of potential requestors;

a request indication means for signalling the presence of a
request from each individual said requestor, and a plurality

of request lines connected to a like plurality of potential
requestors;

an interrupt request line commonly connected to all of said
requestors and to a control microprocessor;
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3 0173809
a microprocessor, said microprocessor being interfaced to
said arbitration means via a plurality of signal lines for

indicating the presence of a request and issuing the grant
of a request therebetween;

a commonly connected data bus interconnecting said
arbitration means and said microprocessor; and

control logic in said arbitration means connected to said
request indication means and responsive to indications of
requests thereat for selecting one of said requestors to be
granted its request and means in said logic connected to
said microprocessor and responsive to a signal indicating
the grant of a request for gating a grant on one of said
grant lines connected to said potential requestor to which
the grant has been arbitrated.

The invention also provides a method of dual arbitration
between a selective grant of access among a simultaneously
presented plurality of interrupt or bus request signals,
characterized in that it comprises the steps of:

receiving simultaneous requests from requestors at an
arbitrator and temporarily storing signals indicative of the

specific requestors so requesting;

receiving at said arbitrator signals from a microprocessor
control unit indicating either a bus grant or an interrupt
acknowledge; '

receiving at said requestors said interrupt acknowledge
signals; and

outputting from said arbitrator a single grant signal to the

highest priority said requestor, said grant being

interpreted by said requestor as a bus grant but being
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interpreted as an interrupt grant from said microprocessor
when an interrupt acknowledgement is also received at said
requestor from said microprocessor.

Brief Description of the Drawings

Figure 1 illustrates the general high level data flow
schematic for the multiprocessor arrangement constituting a
. scannerless message concentrator and communications

multiplexer in accordance with the present invention.

Figure zvillustrates a more detailed schematic of the data
flow and desigh architecture of the machine and shows some
of the'more.important control lines and data paths as well
as the chief functional elements and control registers
utilized in the architecture.

Figure 3 illustrates an example of an interface adapter
processor in greater detail.

Figure 4 illustrates an improved arbitrator with
multiplexing of interrupt requests and bus grants in
accordance with the teachings herein.

Figures 5A through 5D illustrate logical circuitry servicing
the enable and disenable of the tri-state driver receivers
incorporated in Figures 1 and 2.

Figure 6 illustrates the data flow for a control unit

processor to communication line adapter processor interrupt
operation.

Figure 7 illustrates the data flow for a communication line
adapter to control unit processor interrupt.
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Detailed Description of the invention

The preferred embodiment of the invention will now be
described with reference to the drawings. For convenience,
major functional elements and features of the elements will
be separately described under individual headings in this
specification. General familiarity with interrupt driven
processors and in particular with 16-bit wide processors
such as the Motorola 68000 is assumed and while the
preferred embodiment utilizes such processors specifically,
the basic techniques and generic invention are not limited
to the specific processor. Therefore, detailed flow charts
and machine code listings are not given herein since they
are not necessary to an understanding of the invention
claimed. Such listings deal only with the operation of a
given specific processor and can be easily programmed by one
of ordihary skill given an understanding of the function to
be performed and the instruction set for a given processor.

Although the several figures of the drawing are draWn
somewhat differently, wherever they incorporate the same
element or elements, the same numbering is used as in other
figures for the same elements even though they may be

depicted in different figures in a slightly different
manner.

Turning to Figure 1, the overall high level data flow and
architecture of a preferred embodiment of the present
invention is shown. At the outset, it may be observed that
all of the devices below the dotted line labeled "User
Interfaces" are the usual communications facilities
including modems, transmission lines, terminals, cluster
controllers and host CPUs. All of these devices operating
at different speeds, protocols and data formats are
interfaced to the communication ports of communication
adapters of the preferred embodiment of the invention.
Messages destined to or from a host CPU will be queued in
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the main memory shown in the dotted box 16 which includes a
variety of internal register spaces, some of which have been
specifically called out and separately shown in Figure 1.
Messages queued in main memory are directly loaded via DMA
access controlled by the individual communication adapters
each of which comprises a microprocessor of the same type as
the centrol control processor and each adapter is given the
task of formatting or deformatting messages in accordance
with the desired speed, format and protocol for the given
communication port and user to which it is attached.
Exchanges of data with main memory are therefore exchanges
of pure data without frame characters, sync characters and
the like. This facilitates communication between the
plurality of users, all of whom may communicate using
different formats and protocols in a transparent manner
insofar as the user is concerned since the individual
communications adapters to which the user interfaces will
handle the sometimes complex tasks of conversion as

necessary among the protocols and formats to enable
communication to occur.

In Figure 1, a local user terminal 1 is illustrated as but
one of a number of possible devices that may be connected,
sometimes via a cluster controller 6 to communication ports
9 of a communication adapter 7 which is housed in a
communications controller, message concentrator and
multiplexer which will handle incoming messages from users
or messages from a host CPU 4 destined to the users. Where
telephone lines are required for longer distance
communication, the usual interface modems 5 are employed as
shown. A service adapter 8 is a communications adapter in
normal mode of operation and is interfaced to the DMA/MMIO
interface 10 which comprises the system data and address
busses and control lines that each of the other adapters 7
also utilizes. However, a dedicated service interface 11
comprising a dedicated service bus and address bus are
available to the service adapter 8 by command received over
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the integrated service modem 5 connected to a remote
terminal 3 over a communication line and remote modem as
shown. The dedicated service interface 11 has its own
dedicated service adapter read only memory that contains
control and diagnostic routines that may be accessed from
the remote terminal 3 for exercising the elements of the
overall machine to uncover the source of errors. Access to
the program status register 18 and to the bus error/machine
check register 19 are specifically available over the
dedicated service interface even though the main processor
15 may be disabled or inoperative.

The flow of data is from a user device 1, into a
communications adapter 7 and over the DMA/MMIO interface 10
through tri-state driver/receivers 12 onto the system bus 13
and into main memory 16. The other registers 18 through 23
are also part of the random access memory but have been
broken out and shown separately. Therefore, all of the
Figure 1 which is within the dotted line portion is actually
a part of the random access memory 16.

Tri-state driver/receivers also isolate the interface to the
main processor 15 and, while not specifically shown, other
tri-states also are utilized to isolate the communications

adapter interfaces at the adapters 7 where the interface the
DMA/MMIO facility.

The basic machine depicted in Figure 1 is capable of
supporting up to 16 communication line adapters 7 and each
communication line adapter supports either 1 or 2 ports 9.
Although not shown in the figure, the base machine also
contains a diskette adapter and drive for storing control
programs for the main processor as is customary in many
microprocessor based system designs. This diskette adapter
and drive are interfaced over the same type of DMA/MMIO
interface 10 as the other communications adapters 7 but as

this aspect is not necessary to an understanding of the
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present invention, for simplicity it is not shown
specifically.

The control processor 15 in the preferred embodiment may be
the type MC68000 offered by the Motorola Company. This is
an 8 megahertz clock based processor that provides a 16-bit
bidirectional data bus and a 23-bit address bus
incorporating both upper data strobe and lower data strobe.
This gives a memory addressing range of 16 megabytes. As
employed in the preferred embodiment, the Motorola MC68000
provides eight 32~bit data registers, seven 32-bit address
registers, a user stack pointer, a supervisory stack
pointer, a 32-bit program counter and a 16-bit status
register, Data registers are used for 8-bit byte, 16-bit
word and 32-bit long word data operations. The address
registers and system stack pointer may be used as software
stack pointers and base address registers as described in
the vendor's product literature. 1In addition, the registers
may be used for word and long word address operations. All
of the registers may be used as index registers.

The MC68000 is an interrupt driven processor as will be
understood by those of skill in the field. The various
interrupt levels and their interaction will be described
later. First, turning to Figure 2, a somewhat more detailed
understanding of the overall data flow and control

architecture must be gained.

In Figure 2, the dotted line separates all of the elements
which are at the DMA/MMIO interface. Those elements below
the dotted line are the adapters, the tri-state drivers and
receivers that isolate the adapters and all of the
communication ports. It will be observed that the adapters
are depicted as being identical and are only numbered to
distinguish between them. Each adapter is capable of
interfacing to one or two ports 9 and some of the adapters

are given dedicated functions such as being a diskette
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adapter, or the adapter which houses the service interface
which is not shown in Figure 2. Flow of data from ports 9
to an individual adapter 7 and from thence to the tri-state
driver receivers 34 onto the MMIO interface busses 10 is
further isolated by tri-state drivers 12 from the main
system data and address bus 13 as shown. Each individual
adapter 7 will generate either a bus request or an interrupt
reQuest as it requires interrupt service or DMA access to
the main memory. These requests are presented to the
arbitrator and interrupt vector number generator 29 over bus
request lines 50, or a common interrupt line designated IR.

This line connects to the microprocessor interrupt control
logic ICL.

Incoming data from a user will be stripped of framing and
formatting characters and converted to the transistor logic
level in each adapter 7. The adapter will transfer data
directly via DMA over the data bus into random access memory
16 at a location set up by the individual adapter processor

once it has been granted access to the bus by the arbitrator
29.

Where service to an adapter microprocessor in an adapter 7
is required, the interrupt request will be arbitrated by the
arbitrator 29 from among any other competing interrupt
requests and when the highest priority adapter, identified
by its physical position in the architecture is selected
from among those requesting service, the arbitrator will
generate an interrupt vector number to give the starting
address in memory where the main processor 15 can fetch
instructions for servicing the specific type of interrupt
presented by an adapter 7.

A variety of machine control, MMIO control functions and
decoders, interrupt control 1ogic and bus error and machine
check and logic and error controls are shown and will be
described in greater detail as follows.
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Control Unit Interrupt Levels

In the system shown, the control unit is advantageously a
68000 type microprocessor sold by the Motorola Company. As
used in the present invention, this machine has 8 levels of
interrupts and, effectively, a 9th overall interrupt level
(highest priority) exception condition. These levels and

conditions are defined for purposes of the present invention
as follows.

Bus error level - this is the overall error level exception
which is activated by the control logic 27 when an error is
detected and the control processor is in control of the bus.
This error will disenable the DMA/MMIO interface until bus
error machine check register 26 is reset and until the
external bus tri-state drivers 12 are enabled again. The
control unit interrupt control logic 66 will prevent any
interrupts from being serviced after a bus error has
occurred. It contains an interrupt inhibit latch that must

be reset before interrupts may be allowed again to be
presented.

Interrupt level 7 - this is assigned a disk dump and testing
function not pertinent to the present discussion.

Interrupt level 6 -~ adapters present control interrupts on
this level and result in vector numbers being generated by
the control unit vector number generator housed in the
arbitrator 29. A control interrupt is one of three classes
of interrupts that can be generated by an adapter, the other
two being operational interrupt and adapter machine check,
These latter two classes of interrupt are presented on
interrupt level 1 as will be described later. These
interrupts are reset by the adapter whose interrupt is being
acknowledged by the interrupt grant signal which will be
described in the section on the DMA interface. |
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The other interrupt on level 6 is an interrupt from-a
service adapter which is one of the adapters 7 dedicated to

the service function when it is in service mode.

Interrupt level 5 - this is a control unit address detection
interrupt which notifies the processor 15 that its address
has been recognized. This interrupt is reset by decoding an
interrupt acknowledge cycle for level 5.

Interrupt level 4 - this is the machine check level
activated when an adapter is the bus master and an error is
detected by the control unit logic 27. 1It is reset by a
MMIO command directed by ther microprocssor 15 through the
MMIO control function register 28.

Interrupt level 3 - this is the error recovery level and the
interrupt is set when interrupt level 4 is set and is reset
by decoding of an interrupt acknowledge cycle at level 3.
This is also the operating level for the control program
utilized in the communications control processor 15.

Interrupt level 2 is reserved.

Interrupt level 1 is utilized by communications adapters for
operational and machine check interrupts from the adapters
which result in vector numbers generated by the vector
number generator in the arbitrator 29.

Interrupt level 0 - this is the application task operation
level into which no lower level interrupt may be
interjected. Application tasks on this level run to

completion or a stopping point, whichever occurs first.
Memory Data Flow

Data transfer between the memory control (not shown for
simplicity) and the memory 16 is an 18-bit interface
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comprising 161data bits plus 2 parity bits. For a write
operation to memory, data can be stored from the control
microprocessor 15 or from any of the attached DMA devices
(adapters) either as single bytes or as words. Error ,
correcting code control logic 30 will generate a 6-bit error
correction cén@rpl for association with the 16 data bits.
Therefore, any!write instruction that requires a 1 byte
write will utilize a read-modify-write cycle so that the 6
check bits will accurately reflect the status of a 16-bit
word. Word or half word operations are selected by upper
and lower data strobes set by the processor 15. The lowest
order bit ofethe address channel is utilized for the upper, 
data strobe control in combination with the type of data »
transfer that is intended. If this bit is 0, the upper data
strobe is issued. If this bit is 1, the lower data strobe
is issued. Certain writing operations for DMA writing from
an adapter 7 reQﬁire a full word (2'byte) operation.
Provision.is mage at the DMA interface for indicating to the
control 1dgic’27 the requiremeht for word transfers with
activatioh of both the upper data strobe and the lower data

strobe exists. This will cause the issuance of both data
strobes.

On all word writing operations, the six error correction
control check bits are generated in the ECC logic 30 and are
stored along with the 16 data bits in the memory 16. The
word write operation requires only one memory cycle but a
byte write operation, the byte for which the address is
given is read from the array along with its associated byte
and the 6 check bits. The byte which is to be written is to
be modified to reflect new data and then 16 data bits are
used to génerate 6 new check bits. The 16 resulting data

bits and 6 new check bits are written back into the memory
l6.
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System Logic

The system logic is not all shown in detail in the figures
since it is normally provided without modification. It
includes the clock generation together with timing signals
for the various logic functions, a program enable timer or
counter that provides an interrupt on level 1 every half
second when enabled, card select, chip select, address
decoding for ROS and RAM and refresh operations, and memory
mapped I/0 functions as shown in the memory map I/0 address
decode block 28. This block includes the functions of
decoding addresses for program control of an operator's
control panel, not shown, set and reset of system control
latches and the tri-state drivers and interrupt requests to
the adapters 7 from the control unit 15.

A novel functional unit in system logic is the arbitrator
and interrupt vector number generator 29. This handles
arbitration of interrupt requests from adapters, arbitration
of DMA bus requests to the main processor 15 for DMA
operation, control, through issuance of a bus grant
acknowledge signal, of the storage cycle for DMA operation
and control of the tri-state address and data busses during
the DMA operation. It also handles the interrupt vector
number generation and interrupt request arbitration.

Bus Error/Machine Check Register

This register 26 stores an error indication whenever an
error is detected. When this occurs, and the main processor
15 is the bus master, a bit will be set in the check
register 26 and a bus error signal will be activated for one
cycle which will result in a bus error exception processing
routine being executed. Whenever an individual adapter 7 is
the bus master and an error is detected in the control unit
processor 15, a bit will be set in the bus error/machine

check register 26 indicating that an adapter was bus master
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when the error was detected. A bit will also be set to
indicate the cause of the error and a level 4 interrupt will
be activated to the main processor 15. This will also cause
a level 3 interrupt for error recovery routines to be run.
Also, when an adapter 7 is bus master when the error occurs,
the number of the bus master is saved in logic housed within
the arbitrator 29 and can be read later with an MMIO
instruction from the control processor 15.

The error signal is always activated to the level of the DMA
interface regardless of which processor is bus master. If
an adapter is currently the bus master, this error signal
will cause that adapter 7 to disable all signals to the DMA
interface. DMA access by all of the adapters will be
blocked when bus error or machine check register bits are
set. There are 16 bits in the bus error machine check
register 26 and the outputs Ey through En are directed to
the error detection and system tri-state control logic 27 in

Figure 2. The meaning of the various bits is defined as
follows:

Bit 0 - this is parity error. A périty check is performed
on data written at the error correction control logic unit
30 or on data read at the control processor 15 input. These
parity checkers are numbered 31 and 32 respectively. A
parity generator 33 operates on the output of the main
processor 15 to generate outbound parity as required.

Bit 1 - this is a double bit error from random access memory
16. Error control and correction logic 30 is capable of
correcting a single bit error but a double bit error
activates a signal DBE for input to the bus error machine
check register 26 as shown. The bus master when the error
occurred will be indicated by bit 6 as will be described

later. The most probable error is in the RAM whenever a
double bit error occurs.
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Bit 2 - this is a refresh under run. This bit is generated
by the random access memory units 16 and is shown as signal
RU for the bus error machine check error 26. This is caused
when a refresh selection cycle has not been activated within
the specified time required for the dynamic refresh of the
random access memory 16.

Bit 3 is an access error/data acknowledge timeout error bit.
This error can be caused by any one of seven items. An
attempted write to a protected area of RAM, attempted access
to the MMIO space in RAM by an adapter 7, access to MMIO
space by the main processor 15 while it is not in the
supervisor data mode, an attempted read or write to an
unimplemented area of RAM space, an attempted write to ROS,
data transfer acknowledge not returned to the control
processor 15 by a slave device, (either memory control or
adapter) within 4 microseconds, or an adapter which has
become bus master does not deactivate strobes within 4
microseconds. The exact selection of which of these
possible causes is dependent upon whether various other bits

in the machine check register are set as will be explained
as follows.

Bit 4 is the timer interrupt not reset.

Bit 5 is the DMA timeout and will be set if an adapter
having received bus grant does not return a bus grant
acknowledgement in 2 microseconds.

Also an adapter which has been selected by an MMIO
instruction from the control unit 15 which activates data
transfer acknowledged for more than 2 microseconds will set
this bit and failure by an adapter which is bus master to
initiate a transfer cycle will set this bit. This is
indicated by the adapters not activating the address strobe
within 2 microseconds and will cause the bit to be set.

RA 9 84 019
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Bit 6 is the bus master indicator. If the bit is set, an
adapter was bus master when the error was detected.

Bit 7 is the access type indicator. It indicates that the
operation was a read operation at the time of the error if

it is set; if it is not set, the operation was a write
operation.

Bit 8 is the RAM write area protection violation and
indicates that an attempted write to a protected area of RaM
was made either by an adapter or by the main processor 15
while it was not in supervisor data mode. |

Bits 9-11 are RAM card select bits indicating which section

of RAM memory was selected when the detected error occurred.

Bit 12 is the ROS card select that indicates the ROS card
was selected when the error occurred.

Bit 13 is the halt bit for the main control processor 15
indicating that it has been halted. The final bits 14 and
15 are not used in this design and are reserved.

Memory Mapped I/0

Memory mapped I/0 control functions 28 are used to set and
reset control latches, to write control information to the
adapter 7 and to read an adapter's machine check register
when required. In general, MMIO operations constitute I/O
operations controlled by decoding an address within the
addressable range of the address bus but not assigned to
memory space. These addresses, when decoded, are used as
control instructions for the control unit processor or for
an attached adapter. MMIO operations are initiated by and
controlled by the main control processor 15. The operation
itself consists of the execution of a single load or store
instruction that will transfer data to or from the addressed
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MMIO space. For MMIO operations, the control processor
will be the bus master and the operations must be performed
in supervisor data mode. Operations performed by MMIO are
as follows: reset of an adapter, (each adapter has a
specific MMIO address for this command), enabling of an
adapter, disabling of an adapter, interrupt to a specified
adapter, reading of a machine check register in a specific
adapter, setting a service interrupt to an individual
adapter or resetting an adapter specifically without a basic
asssurance test of the adapter or finally, a read of the
diskette adapter programming switch.

There may be up to 18 adapters 7 in the design shown in
Figure 2 and these are assigned priority dependent upon
their physical location. They are numbered sequentially
with adapter 1 being the lowest priority for DMA and
interrupts at the control unit for arbitrator 29. The

highest priority is adapter 18 and is reserved for the
diskette adapter function.

The MMIO logic also has decoders for decoding a wide variety
of system control functions that are located with the main
processor 15 or with the main memory control. However, four
specific MMIO instructions are assigned to other elements.
These are the bus master register 57, the data compare
register 23, the address compare register 22, and the
function select register 24.

DMA (Direct Memory Access)

In the architecture described in the figures, direct memory
access is a bus master initiated I/0 operation in which
single or multiple bytes or words may be transferred to or
from main memory 16. The bus provides 18 bits (16 data bits
and 2 parity bits) of bidirectional data between the control
unit memory 16 and the attached adapter 17 and/or the

control processor 15. A bus master, for purposes hereof, is
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defined as a unit attached to the bus that is capable of
controlling the system busses. The bus master will
determine the direction of data transfer, will supply the
address and control information to direct the transfer, and
will supply the data during a writing operation. Because
several units attached to the DMA bus are capable of
becoming bus masters, arbitration by the arbitrator 29

determines which unit will be the active master at any one
time.

Access to memory space in the memory 16 during a DMA
operation is accomplished using a real address. The DMA
operation by adapters 7 is a data transfer in which the
address to be used is set up by the adapter 7. The
interface is capable of handling a general case of DMA,
where a DMA controller is set up with the starting address
but this is not implemented in this design. The individual
adapters 7 obtain starting address positions and counts from
the control unit processor 15 which stores address
information and transfers it via DMA to the attached
adapters. This transfer is initiated and controlled by the
adapter itself, however. There are no designated reserved
spaces assigned to each adapter in main memory and the

adapter's assigned memory space may vary from time to time.
DMA Interface Signal Description

The DMA interface includes a bidirectional data bus of 18
bits width, 16 data bits plus 2 parity bits. The data bus
is positively active. During a DMA read operation or during
a MMIO write operation from the control unit processor 15 to

an adapter 7, the data bus is driven by the control unit
logic connected to processor 15.

The address bus is a multipoint, 23-bit bus and is also

bidirectional and positively active. When a DMA operation
is not in progress, the external address bus is driven by
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the control processor 15 to allow monitoring of addresses.
This bus is driven by the logic connected to the control
processor 15 during MMIO control operations from the
processor 15 to the adapter processors in the adapters 7.

The write signal -~ this is a multipoint signal line driven
by the bus master to indicate to tri-state isolation control
logic the direction of transfer on the data bus for all I/O
operations. This will be described in greater detail later.
During DMA operations, activation of this signal indicates a
data transfer from a bus master to memory. Non-activation
of the signal indicates data transfer from memory to a bus
master and is referred to herein as a read operation.

Other control lines and busses on the interface include the
following:

A level 1 interrupt. This is a multipoint signal which is
driven by any adapter that has a pending level 1 interrupt
for the control unit processor 15. An adapter 7 activates

this signal line when it has a data interrupt or an adapter
machine check interrupt.

A level 6 interrupt. This is a multipoint signal which is
driven by any adapter 7 that has a pending level 6 interrupt
for the control unit processor 15. This is activated when a

control interrupt requires servicing.

A level 1 interrupt acknowleged signal is also supported and
this is activated by the main processing controller 15 when

an interrupt acknowledge cycle for a level 1 interrupt from
the adapters is performed.

Level 6 interrupt acknowledge is a multipoint signal
activated by the main processor 15 when an interrupt
acknowledge for level 6 is performed.
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There is a bus request/interrupt request bus. This is an 18
line bus with one bus line assigned to each adapter
position. The bus is multiplexed by the arbitrator and
interrupt vector number generator 29 so that it serves both
as a means of handling bus requests and adapter interrupt
requests. When the control processor 15 does an interrupt
acknowledge cycle for level 1 interrupts, system logic in
the control unit will activate level 1 interrupt acknowledge
to the adapters 7. When an interrupt acknowledge cycle for
level 6 occurs, a level 6 interrupt acknowledge signal to
the adapters will be given. When the level 1 interrupt
acknowledge line is active, the adapter 7 which is
requesting an interrupt will activate its bus request if it
had a level 1 interrupt presented to the controlling unit
15. This is interpreted by the arbitrator as an interrupt
request. The same operation occurs for a level 6 interrupt
acknowledge. 1If neither level 1 or level 6 interrupt
acknowledge are active, the adapter can activate a bus
request line when it has a DMA request.

Bus request line operation. When the level 1 or level 6
interrupt acknowledge signals are not active, an adapter
having a DMA regquest can activate its bus request/interrupt
request line which will be interpreted as a DMA request by
the arbitrator. This line is driven by any attached adapter
7 which requires control of the bus for an I/0O operation.
When an adapter activates its bus request/interrupt request
line for its bus request, it must keep it active until it
has gained bus ownership. The bus request will be removed
if the level 1 or level 6 interrupt acknowledge line becomes
active or if an adapter becomes disabled. When an adapter

has been granted access, it becomes bus master for the
duration of its transfer activity.

The interrupt acknowledge line. When the main processor 15

is doing an interrupt acknowledge cycle in response to a

level 1 interrupt, a level 1 interrupt acknowledge line is
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activated to the adapter 7. The same is true for a level 6
interrupt and the level 6 interrupt acknowledge line.
Either of these acknowledgement signals controls the
adapters to remove the DMA bus requests from the bus
request/interrupt request lines. If a level 1'interrupt
acknowledge is active, an adapter having a level 1 interrupt
presented to the control unit processor 15 will activate its
bus request/interrupt request line. The same is true for a
level 6 interrupt acknowledgement for adapters having level
6 interrupts present. Interrupts are encoded by the
arbitration logic in the arbitrator 29 and the adapter
having the highest priority will have its request presented
to the processing unit 15 in the form of an interrupt vector
number that will direct the processor 15 to the starting
address of the servicing routine in memory for the specific
type of interrupt presented.

The bus grant/interrupt taken bus is an 18 signal bus with
one line assigned to each adapter position as noted above.
The bus is multiplexed by the arbitrator 29 to handle bus
grants and for signaling an interrupting adapter that its
interrupt is being taken by the control unit processor 15.
If an individual adapter 7 recognizes a bus grant/interrupt
taken signal active during a level 1 or level 6 interrupt
acknowledge, it will activate its encoded interrupt type
lines (3 bits) to correspond to the type of interrupt that
it is presenting to the control unit 15. The multiplexing

operation in arbitrator 29 is achieved as follows.
Bus Grant Operation

This signal is driven by bus arbitration logic in the
arbitrator and is given to the device that is to assume
ownership of the bus. Since there is more than one unit
that may be requesting ownership, the system provides
arbitration logic in the arbitrator 29 to resolve which unit
will be allowed to control the bus. The star method of
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arbitration that provides prioritization based on physical
position is implemented in the figures as shown. The
adapter installed in position 1 (which may correspond to
adapter number 18) will have the highest priority and the
adapter installed in the last position of the arbitrator's
connection ports will have the lowest priority. The bus
grant is not deactivated once activated until after an
activation of the bus grant acknowledge or upon detection of
a bus grant not accepted. Adapters 7 are not permitted to
activate any signal on the bus in the capacity of bus master
unless they have detected the activation of a bus grant

while they have an active bus request signal present.
The Interrupt Taken Operation

When a level 1 or level 6 interrupt acknowledge signal is
active, the control unit 15 will activate the bus
grant/interrupt taken signal to the adapter whose interrupt
is being acknowledged. When an adapter recognize that its
bus grant/interrupt taken line is active and it has a
corresponding interrupt on level 1 or 6 present, the adapter
will activate an encoded interrupt type lines to indicate
the type of interrupt it is presenting to the control unit.
A unique interrupt vector from the highest priority

requesting adapter will be generated by the arbitrator
interrupt number generator 29.

Bus Grant Acknowledge

The bus grant acknowledge signal is a multipoint signal used
for obtaining bus mastership during DMA operations. This
signal is activated by the adapter 7 that has an active DMA
bus request and which receives the bus grant. After
receiving the bus grant, the adapter must wait until the
address strobe, data transfer acknowledgement and bus grant
acknowledgement from the previous bus master are all
deactivated before it can activate its own bus grant
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acknowledge signal. Bus mastership is terminated at the
deactivation of bus grant acknowledge.

The address strobe signal is a multipoint signal driven by a
bus master when it executes a DMA operation. The upper and
lower data strobes are also driven by the bus master with
one or both being utilized to indicate whether single byte

or word operations are required and whether the byte is low
order or high order.

Data Transfer Acknowledge

This signal is a multipoint signal driven by any addressed
adapter, the memory control or the system MMIO logic during
an I/0 operation. It allows for asynchronous operation
between the adapters and the control unit memory system
during DMA operations and asynchronous operation between the
main processor 15 and the adapter 7 during a main processor
MMIO operation. In writing operations, the data transfer
acknowledge is an indication that the slave device has
captured the information on the interface and the cycle may
end. In read operations, the data transfer acknowledge is
an indication that data is placed on the data bus by the
slave and can therefore be read in by the control processor.
During DMA operations, the slave device is the main memory
and the data transfer acknowledge is supplied by the memory
control. During MMIO read/write cycles from the control
unit 15 to an adapter 7, the addressed adapter is a slave

device and must supply the data transfer acknowledge signal.
Error Signal

This is a multipoint signal driven by the memory control
logic in the error detection and system control 27. It may
be an indication of one of the following: 1) bad parity on
data received from an adapter, 2) read or write to an

unimplemented storage space, 3) attempted write to ROS or a
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timeout condition resulting from adapter having received a
bus grant but not responding within two microseconds, 4) a
timeout resulting from an adapter not deactivating a strobe
within a timeout period, 5) a double bit error from main RAM
or 6) a storage protection violation error. The error
signal is detected as an input by the active bus master I/0
microprocessors which then must disable any signal that is

active on the interface to the control unit processor 15.
System Reset

This is a negative active signal activated by the control
unit 15 when any of the following resets occurs. Power on
reset, reset executed by an MMIO instruction, reset from a
service adapter, disk dump reset or execution of the
processor reset instruction.

Service Interrupt

The service interrupt can interrupt the main processor on
interrupt level 6. The adapter can activate the service
interrupt signal and the main processor 15 will reset the
service interrupt by reactivating a service interrupt
acknowledge signal. The service adapter must reset its
interrupt when the acknowledgement signal is received. The

signal line only connects from the service adapter to the
control unit 15.

The adapter select line 35 is a negative active signal
activated by the main processing unit doing MMIO operation
to an adapter 7. The adapter will decode the low order 8
bits present on the address bus when the signal is active to

determine which adapter is selected and what function is to
be performed.

Service adapter reset is a negative signal and activated by
the service adapter which causes the control unit 15 to
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activate a system reset to reset the entire machine except
for the service adapter. The service interrupt acknowledge
signal is a point-to-point signal from the control unit 15
to the service adapter as previously noted.

Service Interface

Returning to Figure 1, it will be noted that the service
adapter 8 has its own dedicated service interface 11 which
has just been described above. This interface has access to
a variety of registers that aid in software debug and system
hardware error diagnostics. To aid in software debugging
functions, the control unit 15 implements a variety of
registers or latches shown in Figure 1 specifically. These
are accessible over the dedicated service interface 11.
These also interface to the interrupt logic 66 which will
create an interrupt on level 5 over line 25 to the main
processor 15 if an address previously loaded into the
address comparison register for diagnostic purposes is
detected and the conditions specified in the function
register 24 are met. The same is true for the data
comparison register 23 and for the function register 24 all
of which comprise, together with MMIO control and decoder 28
and the interrupt control logic 66, the control
servicability functions. The function register 24, address
compare register 22 and data compare register 23 are
together referred to as control logic 67 in Figure 2.

As shown in Figure 1, a two byte status register 18 is also
included. This register can be written by the main
processor 15 and read by the service adapter 8. The main
processor is not permitted to read this register and the
service adapter is not permitted to write in this register.
There is a bus error machine check register 19 with dual
port outputs for the machine check register portion so that
it can be read by either the control unit processor 15 or
the service adapter 8. The machine check register and a
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program status register do not contain parity and parity
checking is inhibited when these registers are read by a
service adapter 8.

There is also the service adapter ROS 17 as shown in Figure
1 which is interfaced to the service adapter over a
dedicated two byte data bus, a 15 bit address bus and
control bus and this dedicated interface will be used by the
service processor 3 for instructions to read the control
unit 15 machine check register and status register 19 and
18, respectively.

Interprocessor Interrupts

Interprocessor interrupts either between the control
processor 15 and the adapter processors in each adapter 7 or
vice versa may be accommodated. The control processor 15
can interrupt an adapter processor by memory mapped I1I/0
instructions. One of the MMIO instructions is used to
signal a selected adapter to do a DMA read operation of its
presently assigned communications buffer in main memory 16.
The other is used to interrupt the adapter on a higher
priority level to provide a servicing function. The
interrupt interface from the control unit 15 to the
individual adapter 7 consists of the low order 8 bits of the
DMA address bus and a multipoint selection line called line
adapter selection. When this line is active, each adapter
will compare 5 bits on a DMA address bus with a 5 bit
location address permanently wired at the board position
where the adapter 7 is installed. When an address compare
occurs, that adapter will decode the other 3 bits on a DMA
address bus to determine the selected MMIO function.
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Adapter to Control Unit Interrupts

Adapter interrupts to the main processor 15 on interrupt
level 1 or level 6 are possible as described previously.

The service adapter has the same interrupt capability as a
line adapter plus it has the capability to interrupt the
main processor on interrupt level 6 for a service adapter to
the main processor interrupt. Interrupts from these
processors to the main processor are all handled as
previously described.

Figure 6 illustrates the data flow for a processor 15 to
line adapter processor 42 interrupt function. Figure 6
should be used in conjunction with Figure 3 to gain a better
understanding of the overall operation, but Figure 3 will be
described in greater detail later. 1In this function, the
control unit processor presents the address bus and the
address strobe signal to the MMIO logic 28. The high order
address bits A9-A23 are decoded by the MMIO logic 28 and the
adapter select signal 35 is presented along with the low
order 8 bits Al-A8 to the address bus driver for the
interface bus 10. These signals will be received by the
address comparator and function decoder 47 housed within the
indivdual adapter 7. Also housed in the adapter 7 is the
interrupt control logic 41 and the line adapter
microprocessor and control 42. |

Figure 7 illustrates the communication line adapter 7 to
control unit processor 15 interrupt function and includes

the priority encoder circuit in the arbitrator 29.

With the foregoing brief overview of the main functional
elements, control signals and inter-relationships given as
described, a detailed example of data flow from
initialization, commands, receiving and transmitting of data
together with arbitration for a DMA operation and for
interrupt operation will now be given.
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Data Flow
Initialization

Each adapter has a communication region temporarily assigned
to it and located in the main memory 16 of the control unit
15 RAM. This region contains a device status word (DSW) |
register 20 and a device control word (DCW) register 21 for
each adapter 7. The location of a given adapter's DCW and
DSW in the main RAM 16 will be determined by the adapter's
physical position but the space allocated by the control
processor may vary within memory 16. When the machine is
reset, the control program will initialize the DSW and DCW
for each adapter 7 that is installed. The DCW will be ‘
constructed by the control unit 15 executing microcode. The
DCW will be read by the adapter processor 42 to initialize
itself. The DCW contains a command byte and an outbound or
inbound buffer address plus other fields depending upon the
nature of the command. During operation, the device status
word is constructed by the adapter processor microcode in
the adapter processor 42. It will contain fields that
report the status of the adapter processor 42, the quality
of data reception, current execution sequence and the
address of the last buffer used for data transfer.

When an adapter processsor 42 detects an interrupt from a
control unit processor 15, the adapter will fetch the device
control word from its assigned communication region in main
RAM 16 via a DMA operation and will interrogate the command
byte to learn what the control unit 15 is requesting. One
of the many commands is an IPL command. This command will
cause the adapter 7 to load its operational code via DMA
from the main RAM 16. The main RAM starting address is
contained in the DCW which was just read. When the command
is completed, the adapter processor 42 will write an ending
status via a DMA transfer into its related DSW. The adapter
processor 42 will then signal the control unit processor 15
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via an adapter to control unit interrupt that the task is
completed.

The flow is controlled by microcode in the control unit 15
which sets up the device control word and then interrupts an
adapter 7. The adapter reads the device control word via a
DMA operation and the adapter microcode will set up a device
status word in main RAM 16 using a DMA writing operation and
will then interrupt the control unit 15 to inform it that
the operation is complete. The control unit 15 can then
read the device status word in main RAM to learn the
results. It is seen that the main RAM thus serves as a
communicating "mail box" between the control unit processor
15 and the communications control processors 7 using

communication regions in the main RAM assigned for each
adapter 7.

Data Buffers

Data buffers are addressed by a byte in the device control
word and reside in main RAM 16. They are accessed by the
adapters using the DMA transfer initiated by the adapters.
The buffer size is fixed but may be assigned in variable
numbers of blocks. When a message of greater than a fixed,
for example 288 data byte size, is intended, larger blocks
of 288 bytes each are furnished to the adapter processor
requesting them.

DCW Commands

When an adapter processor detects an interrupt from the
control unit 15, it must transfer its device control word
from its assigned communication region in RAM via a DMA read
operation and then interrogate the command byte. Examples
of commands might be to write or to read. 1If it is a write
operation, the buffer whose first address appears in the

device control word is read from RAM and transmitted into
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the communication line and the number of bytes to be
transmitted is specified in the data count portion of the
DCW. A read operation begins by writing to the starting
address identified in the DCW and extending for a data count
or until an end of block detection, whichever occurs first.
A write command indicates a transmit operation where data is

read from RAM. A read command indicates a receive operation
where data is written to RAM.

Given this overéll scheme of communication, it may be seen
that each adapter microprocessor is constructed to interrupt
the main microprocessor for service but can autonomously
present DMA transfers to or from main memory to build up or
take down gueues of méssages to or from given attached users
at each adapter interface. Since each adapter is assigned
the task of adapting to the user's protocol and signaling
requirements at the interface but communicates with the main
RAM 16 only in the form of pure data without format and
protocol strictures, a great deal of concentration of data
is possible. The control unit processor 15 waits for
completion of a message in RAM and the signalling that the
message has been completed by the adapter processor before
it will inspect the message, direct it to an outbound
adapter processor and perform any data manipulations
required to accommodate diverse communication protocols.

The resulting messages on a high speed outbound line are
thus multiplexed in the sense that complete messages from a
variety of users will be serially transmitted as complete
messages but not necessarily in the order in which they were

begun, but in the approximate order in which they were
completed.

For a description of the overall adapter data flow for a
receive operation, we will now turn to Figure 3 to be used
in conjunction with Figures 1 and 2.
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Adapter Data Flow During Receive Operation

Refer to Figure 3 in which data is received at the interface
driver receiver 38 from modems 5 attached to ports 9. The
interface driver feceiver 38 may be the EIA.RS232 type or
any other standard interface. The driver receiver has the
purpose of convefting the receive voltage levels from the
modems 5 to the transistor logic voltage levels for the
remaining components. A serializer/deserializer and
formatter 39 is implemented in the form of a Zilog
Corporation model 8440, for example. This provides the
function not onlonf serialization and deserialization, but
of formatting and deformatting according to the
communication procedure requirements. This includes adding
or deleting frame characters, sync characters, generating
block check characters, and the like. The unit 39 receives
serial data and accumulates an 8 bit byte. This device then
interrupts the interface_adapter processor 42 via an
interrupt line 40 thét is passed through interrupt control
logic 41 to sort out potentially interfering interrupts.

The processor 42 may advantageously be a model 68000
microprocessor built by the Motorola Corporation as is the
main control processor 15. The incoming byte of data is
then read from the serializer/deserializer 39 using a MMIO
operation for reading. As ‘the serializer/deserializer 39
receives the next byte of data, it again interrupts the

processor 42 and the process of reading by the processor 42
continues. V

Processor 42 accumulates a word, i.e., two bytes of data in
its internal data register. Upon completion of accumulating
one word, processor 42 is ready to transfer the two bytes as
a word transfer to main RAM of the control unit 15.

The DCW that has been previdusly read from the main RAM 16
contains the address information used by the adapter 7 in
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i+s processor 42 to address the main RAM 16 during the DMA
“:ta transfer operation. The layout of data buffers in the
main RAM 16 is mapped in such a fashion that the adapter can
Airectly address the main RAM during the DMA operation. The
main RAM portion is located in address space in such a
fashion that bit 23 of the system address is not activated
during a main RAM access. Then, when an adapter performs a
DMA write operation, the adapter 7 performs the write
operation with bit 23 active. An operation with bit 23
active will set the DMA request latch. This will activate a
DMA bus request to the control unit 15. This latch and the

interrupt line are part of the interface control and timing
logic 47 in Figure 3.

The arbitration unit 29 in the control unit 15 will activate
the bus grant signal to the specific adapter 7 when the
adaptér 7 becomes the highest priority requester. For the
duration of time between the presentation of a bus request
by the adapter and the reception of a bus grant by the
adapter, the adapter is held in the writing cycle with its
address bus, data bus and control signals all active. When
the bus grant is finally received, the interface control
logic 47 will activate the bus grant acknowledge signal and
then will sequentially do the following operations:

The address bus will be gated onto the DMA address bus 10 in
Figure 1 and 2, but bit 23 will be driven to an inactive
state to accomplish correct mapping in the main RAM. The
adapters' control signals will be gated to the DMA control
signal interface and the data bus will be gated onto the DMA
data bus 10 in Figures 1 and 2. The main control unit 15
will perform the writing operation to the RAM 16 and will
activate the data transfer acknowledge signal to the adapter
7 when the data has been written in memory. When the
adapter 7 receives the data transfer acknowledgement signal,
its interface control logic 47 will sequentially deactivate
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the signals to the DMA interface and the adapter's processor
42 will complete the writing operation cycle.

The foregoing sequence is repeated for every two bytes
received from the communication line until the end of the
message or end of transmission block is received and
recognized by the processor 42. When this occurs, processor
42 will signal the main control processor 15 that the end of
block has occurred. At this point, the main processor 15
takes over to perform any data manipulations on the stored
block of data in RAM 16, generate any required header or
trailer codes and will direct the block of data to
appropriate adapter for output on a line addressed to the
intended recipient for the original message. The adapter 7
at the selected output interface will format the block of
data two bytes at a time with appropriate framing and
control characters to meet the protocol and interface line

requirements for the communication line to which it is
connected.

The transmit operation at an adapter is as follows.
Adapter Data Flow During Transmit

During transmission, the adapter's processor 42 DMA fetches
two bytes at a time into its register and delivers them to
the serializer/deserializer 39. As the serializer/
deserializer 39 empties its transmission buffer (every two
bytes), it will present an interrupt to the adapter's
processor 42 by activating an interrupt signal on line 40 to
the interrupt control logic 68. The processor 42 will then
perform an additional DMA reading operation to fetch two
more bytes from the main RAM 16. As during the receive
operation, the DCW that was previously read from main RAM
contains the address information used by the adapter 7 to
address the main RAM 16 during the data transfer operation.
When an adapter performs the DMA reading operation, it will
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perform it wiﬁh:bit 23 actiVe to present a-signal to the DMA
request latch in the interface control logic 47. This will
activate a DMA bus request to the arbitration unit 29 of the
control unlt 15 as during receive operations. The
arbitration logic 29 will activate a bus grant signal when
the adapter 7 becomes the highest priority adapter with an
active request. When the adapter finally receives the bus
grant signal, the interface control logic 47 will activate
the bus grant acknowledge signal back to arbitrator 29
which, in turn, actiVates it fo the main processor 15 and
will sequentially do the following:

The addreesvbus will be gated to the DMA address bus to
receive information. Bit 23 will be driven inactive to
accomplish the correct mapping to RAM. The control signals
at the DMA control 51gnal interface will be timed to meet
the main processor 15's timing specification. Since it is a
reading operation, the adapter interface control logic 47 is
conditioned to receive data from the interface (this
includes setting the tri-state drivers in Figure 1 or 2 to
the appropriate state). The memory control logic of a
control unit 15 will perform the reading operation from main
RAM 16 and will activate the data transfer acknowledge
signal to the adapter 7 when the data is active at the DMA
interface. When the adapter 7 receives the data transfer
acknowiedge signal, the interface control logic 47 will
sequentially deactivate the signals at the DMA interface as

the processor 42 completes the reading operation cycle.

The two bytes that are read during the DMA reading from main
RAM 16 are stored in the adapter 42's internal data
register. The adapter processor 42 will perform an MMIO
writing operation to transfer one byte of data to the
serializer/deserializer. When the serializer/deserializer
39 has transmitted the byte through the driver receiver 38,
it will again interrupt the adapter processor 42 to signal

that its transmit buffer is empty. The sequence is repeated
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for every two bytes of data to be transmitted on the
communication line through port 9. This is continued until
the DMA transmit count becomes 0 or an end of block is
reached. As noted previously, the serializer/deserializer
39 contains necessary logic for génerating block check
characters, frame characters and control characters as
necessary to meet the protocol and format requirements for
the communication line to which it is attached.

The description will now turn to a detailed example of the
operation of the arbitrator 29 in Figures 1 and 2.

Arbitrator Operation

The arbitrator is shown in more detail in Figure 4.
Arbitrator 29 has the function of arbitrating among
simultaneously presented interrupt requests from the adapter
unit 7 or for arbitrating simultaneously presented bus
requests for doing DMA operations at the adapters 7. Each
adapter has a bus request signal line and a bus grant signal
line as shown in Figure 2 which are connected to the
arbitrator 29. These signals are multiplexed for DMA
operation and interrupt request operations and the
generation of interrrupt vector numbers. The arbitrator 29
will provide arbitration for up to 18 different adapters.

Adapter number 18 is given the highest priority and adapter
1 the lowest.

Referring to Figure 4, each adapter will present a bus
request signal on one of the lines 50 and may receive a bus
grant signal on one of the lines 51. The signals, as noted
previously, are multiplexed for DMA operations, interrupt
request operations and for the generation of interrupt
vector numbers which are generated in the arbitrator 23. An
example for the DMA operation will be given first.
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Let us assume that adapter 10 and adapter 3 have
contemporaneously activated their bus request signals on the
lines 50 for the doing of a DMA read or write operation.
Request latch 55 will latch the state of the 18 possible bus
request signals on lines 50. This occurs when the control
logic 65 activates the latch request signal as shown. The
bus request signals will be latched to sychronize the
arbitration operation in such a fashion that the inputs to

the encoder 56 and the decoder 54 will not change during the
arbit -ation of the requests.

When at least one request has been latched into the request
latch 55, a bus request proceed signal will be activated to
the processor 15. The processor will respond by activating
a bus grant procedure signal back to the arbitrator 29 where
it is received at the control logic 65.

The output of the request latch 55 feeds the input of a
decoder 54 that generates a grant signal on one line based
upon the highest priority active request that is apparent in
the latch 55. In the example we have assumed, number 10 has
the higher priority than number 3 and a bus grant signal
will be activated to device 10 over one of the lines 51 when

the control logic 65 activates a grant enable signal as
shown,

The output of the bus request latch 55 also feeds the input
of an encoder 56. Encoder 56 is an 18 bit to 5 bit coder
that selects the highest priority requester and encodes a 5
bit identifier code. This is the adapter identification and
identifies that adapter 7 which will be given the bus grant
signal by the decoder 54. This code from encoder 56 is also
stored in the last bus master register 57 when the control
logic 65 activates the latch bus master signal as shown.
This preserves a record for error control that can be

accessed by the processor 15 when it wishes to discover who
the last bus master was.
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wWhen the adapter 10 that was requesting service receives a
bus grant signal on one of the lines 51, it will activate
the bus grant acknowledge signal back to the arbitrator 29.
This is shown on line 52 connected to the logic unit 65.

This will indicate the start of DMA operation that was
requested.

The control logic 65 will then activate a bus grant
acknowledgement to the processor 15 and keep it active so
long as the bus grant acknowledgement from the adapter 7 is
active. This is true provided an error condition does not
occur. When an adapter 7 activates the bus grant
acknowledgement signal, the arbitrator 29 in its control
logic 65 will also remove the grant enable signal and
activate a latch request signal for resampling any bus
request lines 50 in preparation for the next DMA cycle.

If an error condition does occur during these cycles, the
processor 15 can perform an MMIO operation and read the
contents of the last bus master register 57 for diagnostic
purposes. The bits in this register are gated to the system
data bus over lines 59 by the multiplexer 58 when an MMIO
operation to read occurs. This signal is provided on line
60 from the MMIO control address decoder 28 in Figure 2.

Arbitrator Interrupt Operation

Normal reading of interrupt vectors by the processor is
provided by the logic 65 gating a signal on line 61 to
enable the generation of the interrupt vector in the
multiplexer 58. The multiplexer 58 generates an interrupt
vector address number based upon the adapter identification
code from the encoder 56 which is received over the internal
bus 63 and is utilized, together with the interrupt type
from the adapter 7 over bus 64 to generate the interrupt
vector number that appears on the data bus 59. This will be
described more fully below.
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If the processor executes a level 1 or level 6 interrupt
acknowledgement cycle in response to a level 1 or level 6
interrupt from any adapter 7, the arbitrator 29 and the
adapter 7 switch to the interrupt mode of operation. 1In
this mode of operation, the bus request signals are used to
signify interrupt requests and the bus grant signals are
used to signify interrupt grants. Assuming that adapter 10
and 3 have activated level 1 interrupt requests, (these
reguests are ORed together as an indication that one or more
adapters have a level 1 interrrupt request) the request
latch 55 will latch the state of the 18 possible bus request
signals on lines 50. This occurs when the control unit 65
activates the latch request signal as shown. The bus
request signals are latched to synchronize arbitration
operations so that the inputs to the encoder 56 and decoder
54 remain stable during arbitration process.

The output of the request latch 55 feeds the input of the
decoder 54 which generates a grant signal based upon the
highest priority active request latched into the requesting
latch. It is noted that the presence of a bus request
presented from one of the 18 possible adapters on lines 50
is interpreted to mean an interrupt request because the

level 1 or level 6 interrupt acknowledge line is active.

The output of the request latch 55 feeds the decoder 54 and
generates an interrupt grant signal based on the highest
priority active request, which in this case will be given to
requester 10 which is a higher request priority than number
3. This will be activated when the control unit 65
activates the grant enable signal as shown and an output on

one of the lines 51 will be fed back to the highest priority
requesting adapter 7.

The output of the request latch also feeds the encoder 56
which generates the adapter identification code. Instead of

storing this code in the last bus master register as is done
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during DMA operatioris, this code is gated directly onto the
lower 5 bit portion of the data bus. This represents the
identity of the unique requestor selected by the arbitrator.

This code identifies that adapter which was given the bus
grant enable (acting as an interrupt grant enable in this
particular function). The granted adaptor's interrupt type
code bits are also gated on bus 64 through the multiplexer
58 to the system data bus over lines 59 which are connected
on bus 13 data portion in Figure 2. This provides the 8 bit
interrupt vector number that corresponds to the number of
the adapter whose interrupt is being acknowledged and also
gives the reason for the interrupt due to the three encoded
interrupt type bits. A data transfer acknowledge generator
68 will then generate the data transfer acknowledge signal
which causes the processor 15 to read in the interrupt

vector number and end the interrupt acknowledgement cycle.

When the level 1 interrupt acknowledge signal is made

inactive, the arbitrator 29 and the adapter 7 return to the
DMA mode of operation.

The operation for level 6 interrupts is the same as for
level 1 with the level 6 operation under control of the

level 6 interrupt acknowledge signal generated by processor
15 as well.

A final topic is the conditioning of the tri-state latches

12, 14, and 34 to accomplish the appropriate directional
control of the busses 13, 10.

Tri-State Control Logic
The tri-state driver/receiver latches 14 that are connected
to the output of the processor 15 in the main control unit

are shown in Figure 5A. The tri-state driver and receivers
14 are logical devices that are enabled by the condition of
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not bus grant acknowledge in addition to the fact that a
read or write cycle is present to control the direction of
the driver and receiver pair. These tri-state driver and
receivers 14 isolate the input and output of the
microprocessor 15 or control the direction of flow as
necessary. It will be noted that the data bus interface 14
in Figure 5A is bidirectional since the data may flow in or
out of the processor 15. However, the address driver is out
only for either a read or a write. In contrast, the data
bus driver receiver 14 is one direction for a read cycle and
the other direction for a write cycle.

Figure 5B illustrates the tri-state driver receiver 12 on
the data bus 13 which is bidirectional. This tri-state
driver is enabled or disenabled by the error detection and
tri~-state control system 27. It will usually be enabled
except during error recovery operations since the busses are
utilized both for DMA transfers and interrupt signaling.
The direction of the tri-state driver receiver 12 is
dependent upon a variety of conditions as shown in Figure
5B. The presence of both a bus grant acknowledgement and a
. 2ad cycle condition the AND gate 70 to gate the direction
>f tri-state driver receiver 12 outbound to the adapters.
Tie presence of a not bus grant acknowledge and a not write
sondition, condition the AND gate 71 which, through OR gate
"2, controls the same direction of the tri-state driver
~2ceiver 12 outbound to the adapters. If a write condition
s present, the tri-state driver 12 will be conditioned in
he opposite direction towards the processor 15 or if it is
an interrupt, the bus grant acknowledge will not be present

at AND gate 70 and tri-state will be conditioned in the
direction of the processor 15.

Figure 5C illustrates the tri-state driver receivers 34 at
the interfaces to the adapters 7. The address tri-state has
an enable line that is always on unless a specific disable

signal from the error line 36 is applied to an adapter 7 as
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shown in Figure 2. The presence of the enable signal at the
tri-state driver receiver 34 on the address bus, together
with the bus grant acknowledge will condition the tri-state
34 and address bus in the direction of from the processor 15
to the adapter 7.

For the data bus tri-state driver receiver 34, the presence
of a bus grant acknowledge and a write condition condition
AND gate 33 to control the direction from the adapter 7. An
alternative is an MMIO selection together with a read
condition at AND gate 75 which, through OR gate 74 controls
the same direction of flow from the adapter 7. If the bus
grant acknowledge (BGACK) is active and write indicator is
active, the adapter is transferring data to the RAM. If
MMIO select is active and the write indicator is not active
(read), then the control unit is reading from the adapter.
For instance, the control unit processor can read the
adapter MC register.

Figure 5D illustrates the final piece of logic for the
tri-state driver receiver 12 on the address and data bus. 2
variety of input conditions to an OR gate 76 control setting
of a disabling latch 77 to decondition the tri-state 12
attached to the address bus. These conditions are shown as
connected to the OR gate 76 and include a power on reset, a
service adapter reset, an MMIO commanded reset, a disk dump
reset, a disable the external bus MMIO command, a bus error
or a level 4 machine check. Any of these will disable the
latch 77 which turns off (disables) the T/S driver receiver
12 on the address bus and data bus.

Applicability of Invention

It may be observed from the foregoing description that an
extremely flexible, scannerless message concentrator and

communications multiplexer results from the multiprocessor
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bus sharing arrangement as described. The usage of an
arbitrator and allowing of DMA control by the adapter
processors instead of by the main control processor are
significant departures in this field. These departures
permit the removal of a great deal of processing workload
from the main control processor 15 and allow the adapter
processors to handle the interface tasks associated with
protocols and formats of individual users. This freeing of
the processor 15 from overhead tasks permits it to run the
overall control and'memory access, error control and
interrupt services very efficiently. The speed of the
internalvDMA/MMIO data busses is such that only 2 to 3% of
the available data bandwidth in terms of total throughput is
utilized for adapter DMA transfers even with all of the
adapters 7 operating at full speed. Thus, such a machine is
instantly applicable to a complex communications environment
in which numerous kinds of communicating devices and
terminals are to be eventually connected for communication
with a host CPU, perhaps at a remote location. The usual
prior art multiplexers and communications controllers have
adapted high speed scanners for the interface to the user's
ports. The scanners are limited in throughput and are
further limited by the fact that the control processor is
faced with the tasks not only of overall control, but of
multiplexing, demultiplexing, formatting and deformatting
and all of the housekeeping chores that can be, in the
present design, assigned to the interface adapter
processors. In modern business operations, the plurality of
possible users utilizing a number of different formats and
protocols is significant and the ability to translate into a
uniformly pure data stream for management by the control
processor for transmission at one or more of the adapters in

yet another protocol or format is extremely advantageous.
In light of the foregoing description, what is desired to

have protected by Letters Patent and what is claimed in the
claims appended hereto is given by way of general
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description and not of limitation, since numerous changes in
specific components and control techniques can be applied as
will be evident to those of skill in the art without
departing from the basic principles and concepts of the

architectural design as described. Therefore, what is
claimed is:
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A combined interrupt and bus access request arbitration
apparatus characterized in that it comprises :
a plurality of combined interrupt and bus access grant

lines connected to a like plurality of potential
requestors;

a request indication means for signalling the presence
of a request from each individual said requestor, and a
plurality of request lines connected to a like
plurality of potential requestors;

an interrupt request line commonly connected to all of

said requestors and to a control microprocessor;

a microprocessdr, said microprocessor being interfaced
to said arbitration means via a plurality of signal
lines for'indicating the presence of a request and
issuing;the grant of a request therebetween;

a commonly connected data bus interconnecting said
arbitration means and said microprocessor; and

control logic in said arbitration means connected to
said request indication means and responsive to
indications of requests thereat for selecting one of
said requestors to be granted its request and means in
said logic connected to said microprocessor and
responsive to a signal indicating the grant of a
request for gating a grant on one of said grant lines
connected to said potential requestor to which the
grant has been arbitrated.
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Apparatus as described in Claim 1, characterized in
that said arbitration means further comprises :
an interrupt vector generator means responsive to said
interrupt request line and to said selection of said of
one requestors for generating an interrupt vector
associated with said requestor;

and means for placing said interrupt vector on said
data bus connected to said microprocessor for informing
said microprocessor as to the location at which

instructions for handling the requestor to whom a grant
has been directed.

Apparatus as described in Claim 1, characterized in
that it further comprises :

a requestor code generator means connected to said
request indicator means for encoding a multibit
indication representing an identification of the said
requestor which is to be granted its said request.

Apparatus as described in Claim 3, characterized in
that it further comprises :

a requestor code storage register means connected to
said requestor generator means for storing temporarily
an indication of the most recent requestor having
received a grant to its request.

Apparatus as described in Claim 2, characterized in
that it further comprises :
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a requestor code generator means connected to said
request indicator means for encoding a multibit
indication representing an identification of the said
requestor which is to be granted its said request.

Apparatus as described in Claim 5, characterized in
that it further comprises :

a requestor code storage register means connected to
said requestor generator means for storing temporarily
an indication of the most. recent requestor having
received a grant to its request.

A method Qf:dualvarbitration between a selective grant
of access émong a simultaneously presented plurality of
interrupt or bus request signals, characterized in that
it comprises.-the steps of:

receiving simultaneous requests from requestors at an
arbitrator .and temporarily storing signals indicative

of the specific requestors so requesting;

receiving at said arbitrator signals from a
microprocessor control unit indicating either a bus
grant or an interrupt acknowledge;

receiving at said requestors said interrupt acknowledge
signals; and

outputting from said arbitrator a single grant signal
to the highest priority said requestor, said grant
being interpreted by said requestor as a bus grant but
being interpreted as an interrupt grant from said
microprocessor when an interrupt acknowledgement is
aiso received at said requestor from said

migroprocessor.

RA 9 84 019



1/9

0173809
i
11 18 1] 19 [ 2 ] l
i| PROGRAM L/ | BUS ERROR/ |/ DSW ¥ oew | |
FIG. 1 | STATUS MACHINE CHECK REG REG !
i| REGISTER REGISTER 21— |
} L 1L I | {
- :
. e e e e e e J
iy — y FCN REG f A7
| 2 \ -
PROCESSOR | | i %{[ Appress DATA | o, “24 SERVICE
| COMPARE | | COMPARE | 2 ADAPTER
| REGISTER | | REGISTER READ ONLY
N = MEMORY
TRI-STATE { |
BUFFERS ! r &8 6
. INTERRRUPT LOGIC :
| MEMORY
- 5 LEVEL 5 |
e ' 2 LINTERRUPT RANDOM | |
BUS ‘ ACCESS | |
ASE {
12 —
~ CONTROL UNIT INTERFACES
TRI-STATE| r
BUFFERS }
— | DMA-MMIO INTERFACE 10N 11N
A7 P 7 8 DE[E)}&ATED
SERVICE
COMM. COMM. COMM. K RFAC
ADAPTER ADAPTER ADAPTER SERVICE INTERFACE
.1' l2l INI ADAPTER
B Lo Lo SERVICE |
MODEM |
PORTS |PORTS PORTS X USER INTERFACES
Pk -5
B
EXTERNAL| [EXTERNAL CLUSTER 1 PORTS
MODEM MODEM CONTROLLER
AN ]
5
, MODEM
LOCAL USER
N TERMINAL - i
S (4 LOCATION . Tf:ﬁLiL
REMOTE
HOST CPU REMOTE
SERVICE
SITE

RA 9 84 019



T e 0.
-

2/3

0173809
FIG.
2A
FIG. 2
FIG.
22,23,24
25 ' 2B
] ( FUNCTION REGISTER
T ADDRESS COMPARE 26
REG DATA
FIG. 2A COMPARE REC SELECT ) DSE1
,,',%bT 57 " —— BUS ERROR [—R.U.
MACHINE [——
66 CHECK REG [/
L1 IRPT ( __J— ; SAﬁE;
== INTERRUPT
} CONTROL E1 EN
1 LOGIC L5 IRPT - IO
L7 IRPT IRPT rﬁghcn;?oor&s—“
~—=14 ADDRESS .
LOyLyL2 1 BUS (23) @ ADDRESS [
il DCW DECODE
15 S REG - (
N MICRO- —~14 28 35
PROCESSOR T = | —]
S A r_zo__ (17
d LnAT(A gsus DSW {
‘ 18 REG
ME’S__ BUS|BUS | BUS ROS
REQ|GRNT{G
LR NTIGRANT  [pg] [Pe -
16 R.U.
ARBITRATOR- | 28 \ss 32 be AN
INTERRUPT |
o .
R
_GERNERATOR DMA ENABLE E
- —= c
S0 51 52{ BUS 13
GRANT AL
IACK
{ | 1AC
)
1! . _ _ 3

RA 9 84 019




» o

0173809

3/9
FIG. 2B
ENABLE Eq___@; P
oty (37 -
CONTROL 1, 10 ERROR
UNIT LrsWtLrs] ~— DETECTION
T Y AND SYSTEM
12 12 = TRI-STATE
~— CONTROL AND
ERROR (1) 36 STORAGE
CONTROL
| ENCODED 7 Bde—e
e ) Tilel] - nepe
TYPE I
. IR ADA:TER 3 /35
1 I ADAPTER
- - MMIO
BR4 9’ ,{‘
PORT 15 PORT 1
(7T
INTERRUPT IR ;;:Q
Rl ADAPTER _
NOWLEDGE MICROPROC. T
- , s
BR, . 34 l
sl AT
] 11!
| PORT 2, PORT 23 1! 1y |
! 7 1 34:ﬁ?E:1J
IR | ADAPTER s
BRY MICROPROC. 7]
34
o9 <4,4

RA 9 84 019

PORT Ny PORT N




0173809

4/9

SY3AITDTY J0VI¥ILNI
aNyv yildvay
8 Sy¥3AIA 30I1AY¥3S
sng
O gy’
[4 ¥31S193
4 1 S¥3IAII0TY
Litoq| 300N 704 1NOD —| SHINI:
m\ e sng sSSaay mebmmn T04LNOD y
'sSIYAAY'VLYA
8 ] ASaf— | swas A =1 91907 30V 3N
)| viaf Sne vivd ONINIL ONV OINN/YNG
L N3AJOA N\ 1d¥| TJOHLNOO
LH0dl; ac/ 65/ or uw&mu_.z_
S
Ly oY
N*/
—] = 21901
] J0SS300¥d 70481INOD
~QYOIN 141
. mw\
A ‘
nid WYY | 1 SOM
i34 ¢ “Old

RA 9 84 019



0173809

RA 9 84 019

5/9
FIG. 4 /29
55 54 = |
REQ1 18 BIT . =1 1 OF 18 GRANT 1 |
BIT REQUEST - DECODER [ I
ngm . LATCH OUTPUT { 1
CLOCK ENABLE GRANT 18 {
50 - |
I
4 58 |
' MUX ) l
~56 62 A l
{ 5-BIT {] (TO READ 59 1
18->5 LAST BUS Last BUS | [ DATA © 1
ENCODER | MASTER MASTER) l 1
REG i I
LA ID 57 63 B } {
CODE (TO GEN- i }
ERATE :
| IRPTTYPE 0-2 64| . JRPT ——DATA 7 '
Zol VECTOR #) {
, l
———————— |
| |
0
READ BUSMASTER A% nABLE A }
| |
} 811 EnaBLE B I
, |
, I
i |
| |
{ OR |
I 65

| Y |
I 7 I
! |
! BG (FROM 15) ————1 . |LATCH REQ ;
| BGACKLA (FROM 7)———&51_ 0 L |LATCH BUS MASTER |
| N O | GRANT ENABLE %  prack |
| LUACK (FROM 15) ——— T § |READ INTERRUPT VECTOR | [ prack | (TO 15) |
| LBIACK (FROM 15)————= [ ¢ TIMING BRPR.-OC {
{ BUSYBUS ———— L (10 _15) !

' R and
I 7 X [
I 53 BGACKFROC!
L (to 15) |




0173809

6/9
FIG. 5A
- DATA -
) BLE— 14
NOT BGACK ENABL 1 s
READ/WRITE DIRECTION
ADDR
~14
~T0 15
READ OR WRITE ——L/RECTION '
L e
DATA
ENABLE
70 DIRECTION ——T0 7
BGACK A d
N 12
READ D OR
\72
_— 71
BGACK 7
N
WRITE D FIG. 5B

RA 9 84 019



0173809

7/9
FIG. 5C _ . 34
ALWAYS ENABLE AT
. DIRECTION b =107
BGACK (A) R
73 ’ = 34
/ (74 >
BGACK (A) ﬁ OR DIR [DATA -T0 7
WRITE D
MMIO SEL ﬁ
READ D
75
FIG. 5D
( 76
POR 77 12
SA RESET © s (
MMIO RESET ~ |eatcH[ B j1/s | TO 7
DD RESET oR R
DISABLE EXT BUS MMIO DISABLE
B. E.
L4 MC
MMIO FFFEO

RA 9 84 019



0173809

8/9
FIG., 6
8 LOW ORDER ADDR
15~ |
7 |
ADDRESS BUS 1
MMIO }
IRPT i
- FUNCTION
AS T OrConE, | LASEL MMIO %
. ADDRESS | |
1 25 BUS ]
\ 28 ~—/ DRIVERS | |
o ]
CONTROL UNIT BOUNDARY - !
LINE ADAPTER CARD BOUNDARY WIRED ‘0
POSITIWN W
CODE
i
42
w4 |
ADDRESS
1 UNE j5 COMPARATOR/ {
ADAPTER FUNCTION ,
MICRO DECODER i
AND ; '
CONTROL a7 }
]
41 |
]
e |
| DATA [~ }
IRPT
i A hew_]| DATA IRPT l
LATCH| 1 N DECODE l
| D }
|
{ I }
|
iy — |
CONTROL | | '
LATCH ' g CONTROL IRPT DCD |
| | }
b J

RA 9 84 018




e

0173809

9/9
8 LOW ORDER ADDRESS BITS |
[~ 28
15
~ MML/0
MICRG~ [ ADDRESS BUS DECODE | SELECT ADPTR MMI/0
PRO-
CESSOR —AS BG/INT ,-)
SYC TAKEN
INT LYL 6 BUS
XYW DECODE OF
FCo. FC1' Fcz | INTERRUPT
J ' LEVEL 1
INT ACK L1
DOT_} LvL 1 |INTERRUPT AcK E
l
DATA BUS !A
| LE
29 K
~— PRIORITY
ENCODER DRIVERS ADDRESS
) DRIVERS
CU 15
LINE A[;APTER - DRIVERS
DRIVERS |~
A 42
LINE MMIO SET S J
ADAPTER ADDR IRPT IRPT
MICRO~- 2 LATCHES BG/INT
PROCESSOR R| AND TKN
=1 CONTROL RECEIVER
<41
A
GATE
ERROR A
IRPT GATE
WIRED POS CODE
FIG. 7 ' l 47
ADD COMP/FUNDECODER)
RA 9 84 019




EPO Form 1503 03.62

European Patent
Office

01 (3809

EP 85 10 7741

EUROPEAN SEARCH REPORT

DOCUMENTS CONSIDERED TO BE RELEVANT
Citation of document with indication. where appropriste, Relevant CLASSIFICATION OF THE
Category of relevant passages to claim APPLICATION (Int_ Cl.4)
G 06 F 13/34
Y US-A-4 059 851 (NUTTER, Jr. et 1,7
al.)
* Column 2, line 37 - column 3,
line 25; column 3, lines 41-52;
figure 1 *
A 2,3,5
Y UsS-A-4 181 934 (MARENIN) 1,7
* Column 2, lines 9-18; column 4,
lines 48-54; column 5, lines 5-7;
figures 1,5 * -
A ELECTRONICS INTERNATIONAL, vol. 1
50, no. 6, March 1977, pages
100~104, New York, US; J. .
upward-compatible" SEARCHED (int. Cl.4)
* Figure 4; page 103, column 1,
paragraph 2 - column 2, paragraph G 06 F 13/32
2 * G 06 F 13/34
The present search report has been drawn up for all claims
Piace of search ’ Date of comihtion of the search Examiner
THE HAGUE 27-11-1985 CHUGG D.J.
CATEGORY COF CITED DOCUMENTS T : theory or principle underlying the invention
E : earlier patent document, but published on, or
X : particularly relevant if taken alone after the filing date
Y : particularly relevant if combined with another D : document cited in the application
document of the same category L : document cited for other reasons
A : technological background et e e . .
O : non-written disclosure & : member of the same patent family, corresponding
P : intermediate document document




	bibliography
	description
	claims
	drawings
	search report

